Contribution by the glycogen pool and adenosine 3',5'-monophosphate release to the evanescent effect of glucagon on hepatic glucose production in vitro.
To elucidate in vitro the transience of glucagon-induced hepatic glucose release, the effects of glucagon on hepatic glucose production and cAMP release were evaluated in the isolated rat liver preparation perfused by a nonrecirculating system. Glucagon was added to the infusate in stepwise increasing concentrations at 0, 60, and 100 min to give final concentrations of 2.5 X 10(-11), 10(-9), and 5 X 10(-8) M, respectively. Glucagon at 2.5 X 10(-11) M caused cAMP release [basal (mean +/- SD), 11.2 +/- 3.0 pmol/(min X 100 g BW)] to rise rapidly and plateau at 23.3 +/- 7.0 pmol/(min X 100 g BW), whereas hepatic glucose production [basal, 3.7 +/- 1.6 mumol/(min X 100 g BW)] increased only transiently to a maximum of 15.3 +/- 3.1 mumol/(min X 100 g BW) and fell thereafter. The enhanced cAMP release during the consecutive glucagon infusion was accompanied by a transient rise in hepatic glucose production during the second, but not during a third, glucagon infusion. When 3-isobutyl-1-methylxanthine, a potent phosphodiesterase inhibitor, was added to the perfusion medium (0.5 mM), the cAMP response to 2.5 X 10(-11) M glucagon was enhanced [247 +/- 124 pmol/(min X 100 g BW)] as was hepatic glucose production (+ 21%; P less than 0.05). Further augmentation of the glucagon concentration was followed by an increase in hepatic cAMP, but not glucose, release. When glucagon infusion (2.5 X 10(-11) M) was repeated with a glucagon-free period of 30 min in between, no stimulation of cAMP and consecutive glucose release was found during the second period. However, when the second glucagon dose was increased to 10(-9) M, glucose and cAMP release were again stimulated to the same extent as in experiments with no glucagon-free period in between. We conclude that the size of the glycogen pool and the cAMP concentration directly modulate hepatic glucose production and are responsible for evanescent glucagon action. This mechanism can be described by computer simulation.